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ASSESSMENT
Hand injuries fall broadly into two
groups.. Single sharp cutting edges pro-
duce Htidy" wounds in which tendons
and nerves are frequently divided and in
which fractures and skin loss are uncom-
mon (Fig. I ) . These are usually clean
lacerations and in most cases the damage
can be repaired completely at the first
operation with a good prognosis.
"Untidy" hand injuries are caused by
power-driven machinery and crushing
accidents. These are ragged wounds in
which skin loss or contusion is common and
in which there are often associated frac-
tures (Fig. 2)" Tendons and nerves are
not usually divided but may suffer from
contusion and exposure. The object of
primary treatment in these cases is to obtain
wound closure with healthy skin; later
reconstructive surgery is often required.
In assessing an injured hand the type of
accident should be borne in mind in order to
appreciate the extent of cellular damage
which in crushing injuries may not be
immediately apparent
Each component of the hand is examined
in turn and the extent of the damage is
assessed. In cleanly incised wounds it is
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usually possible to repair severed nerves
and tendons at the first operation. How-
ever, in more mutilating injuries the possi-
bilities of treatment vary from simple
amputation of the damaged part to com-
plicated reconstructive procedures extend-
FIGURE I "Tidy" hand InjUry Abnormal
flexion of the thumb Indicates divIsion of
the extensor polhclS longus tendon
ing over a number of operations. In such
cases factors which influence the choice of
treatment are discussed with the patient
before operation is commenced. The follow-
ing are some of the points which are con-
sidered in deciding whether to amputate
or save an injured part..
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The more mutilating the injury, the
greater is the importance of saving all viable
remnants. A short digital stump which
would be relatively useless on an otherwise
normal hand can be of great value when it
is the only remaining finger remnant.
The length of the thumb is preserved
wherever possible. In pinch function the
thumb is of equal value to all the other four
fingers so that loss of this single digit is
a great disability.
FIGURE II· "Untidy" hand injury. Skin
has been lost and bones fractured. The
skin was replaced by an abdominal flap to
preserve the length of the thumb.
Towards the ulnar border of the hand
the usefulness of a finger depends increas-
ingly on a full range of flexion. A little
finger which cannot flex and grip is often
a liability and may be better amputated,
althoug!J. an index finger with similar limi-
tation of flexion may still be capable of use-
ful pinch function.
Skin loss from a finger with bone and
tendon damage at the same level usually
warrants amputation of the digit, which
would almost certainly remain stiff after
repeated operations.
In younger patients treatment tends to
be conservative. This group is not so prone
to stiffness after immobilisation and the
time spent in reconstructive surgery is
insignificant in relation to their future
working years.
Whether the patient IS right or left
handed, and the use of his hand at work
or leisure are further factors which are
considered in deciding between amputation
and reconstructive surgery.
TENDON AND NERVE LACERATIONS
Division of a tendon is indicated ~Y
change in posture of the digit from Its
normal position 0f rest ( Fig. I), although
in untidy injuries this may also be due to
a fracture or dislocation. Loss of normal
tendon tension is confirmed by the lack of
resistance on passively displacing the digit
further or by observing the absence of
adjustment in its posture on passively flex-
ing or extending the wrist. The patient's
inability to move the finger is confirmatory
evidence, but this co-operation cannot be
relied on in a shocked patient and is not
available in small children.
In two situations the tendon may be
divided without immediate change of pos-
ture or disturbance of function. When a
laceration over the dorsum of a proximal
interphalangeal joint divides the central
slip of the extensor expansion, the lateral
FIGURE III: DIvisIon of the central slip
of extensor expanSIon produces a
typIcal deformlty.
slips remain intact and can actively extend
the joint. However, if the central slip is
not repaired the lateral slips gradually pro-
lapse forward with increasing flexion of
the proximal interphalangeal j oint and
hyperextension of the distal joint (Fig. 3).
Repeated attempts to straighten the finger
serve to increase the deformity and the
finger loses its pinch function. In lacera-
tions over the dorsum of the proximal inter-
phalangeal joint, division of the central slip
of the extensor tendon is assumed until
proved otherwise by direct inspection.
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In the second instance a deep laceration
of the palm may divide a tendon of the
flexor digitorum sublimis and partially
divide the profundus tendon, but without
immediate loss of active flexion. However,
cross-union may occur between the
damaged profundus tendon and the distal
end of the divided sublimis tendon, with
eventual weakness of flexion at the distal
interphalangeal joint. It is therefore wise
to explore deep lacerations of the palm for
possible tendon involvement.
Digital nerve damage is suspected in all
cases of flexor tendon injury as the nerves
run close to the tendons and are frequently
injured at the same time. A damaged digital
nerve is sometimes overlooked and the
resulting anresthesia produces a permanent
liability to further injury.
Management of tendon lacerations is
based on an understanding of tendon heal-
ing which can be divided into three phases.
During the first five days following tendon
repair there is a phase of exudation and
fibrinous union. The tendon ends become
softer during this period and the tensile
strength of the repair diminishes. During
the second week a fibroblastic cuff develops
from the paratenon and vascular tissues
surrounding the tendon so that the strength
of the suture line increases but the tendon
does not regain its holding power for the
suture until the end of the second week.
Movement during these first two weeks pro-
duces an increase of the local fibrous reac-
tion and may also lead to separation of the
suture line. During the third week the
fibrous tissue becomes mature and collagen
fibres extend between the tendon ends with
thinning of the fibr.oblastic cuff. From the
third week the point of repair rapidly in-
creases in strength and the fibrous reaction
decreases. This change continues for some
months.
It follows that a repaired tendon must be
protected from tension for three weeks and
should also be protected from early move-
ment to avoid undue fibrous reaction
around the suture line. The period of
initial movement is a critical one requiring
careful supervision by surgeon and physio-
therapist.
Clean lacerations of extensor tendons at
any level in the fingers, hand or wrist, are
treated by primary suture.
Closed injuries which produce a "mallet
finger" deformity by rupture of the exten-
sor tendon or avulsion of its insertion on
the base of the distal phalanx are treated in
the first instance by immobilisation 0f the
finger with the distal joint in hyperexten-
sion and the proximal j oint in flexion to
release the tension of the lateral slipsw
If this position fails to reduce an aV1.11se(1
bone fragment, open operation and wire
Primary
repair of
profundusw
Replace
with
tendon gra ft.
PrImary
repair of
profundus
alone.
FIGURE IV. Management of dIvided flexor
tendons depends on the SIte of division (see
text) .
fixation is carried out. When the extensor
pollicis longus tendon is ruptured jn the
region of Lister's tubercle it is treated by
transfer of the extensor indicis tendon to
the long thumb extensor rather than by
attempting suture of the frayed tennon at
the site of rupture.
Laceration of a flexor tendon in the pahn
is treated by suture of the profundus ten-
don alone and the ends of the sublimis
tendon are trimmed back to prevent cross-
union. When the flexor profundus tendon
has been cut in the finger distal to the
insertion of the sublimis tendon, it is also
treated by immediate suture; the adjacent
fibrous flexor sheath is trimmed away to
prevent adhesion with the repaired tendon
(Figw 4).
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When both flexor tendons are divided
within the limits of the fibrous digital
sheath, the best results are obtained by
replacIng the damaged tendons with a
single tendon graft. This may be carried
out as an immediate procedure but is more
commonly delayed until all tissue reaction
has subsided and the risk of infectIon is
past. If an attempt is made to repaIr ten-
dons within the sheath they usually become
involved by dense adhesions and active
flexion is limited.
Use of a tendon graft allows the points
of anastomosis to be placed outside the
range of gliding movement within the
finger compartment. The distal suture is
at the insertion of the profundus tendon on
to the distal phalanx; the proximal 5uture
is at the point of origin of the lumbrical
muscle from the profundus tendon in the
palm. A tendon graft also brings its own
sliding sheath of paratenon which allows it
to glide past structures which might other-
wise cause adhesions. The tendon of
palmaris longus is used when it is present
or alternatively a long extensor from the
second, third, or fourth toes. If a number
of tendons are required the extensors of
the toes are used and they are sometimes
used in women to avoid an extra scar on
the forearm. When the tendon graft is
inserted the fibrous digital sheath is
removed except for two remaining stirrups
which prevent "bow-stringing" of the
tendon.
Lacerations in the proximal part of the
finger may divide the flexor profundus
tendon and only partly divide the sublimis
tendon which continues to flex the proximal
interphalangeal joint. In these cases it is
best to leave the functioning sublimis and
fuse the distal interphalangeal joint in
slight flexion to restore pinch function of
the finger and to allow the tip to be
brought on to the palm in gripping.
Clean lacerations of the flexor pollicis
longus tendon are treated by primary suture,
at the same time removing the fibrous ten~
don sheath, which may cause adhesion at the
site of repair. Unlike divided flexor pro-
fundus tendons, which are held in the palm
by the attachment of the lumbrical muscles,
the flexor policis longus tendon retracts up
to the wrist. It must usually be defined
through a separate incision and threaded
back into the palm.
When further incisions are necessary to
expose divided tendons and nerves, they
are made in lines of neutral tension. Longi-
tudinal scars are avoided except along the
midlateral zones of the finger, where neither
flexion or extension occurs.
Digital nerves and larger trunks are
repaired by primary suture with hair or
gossamer nylon. In repairing larger nerves,
care is taken to obtain correct orientation
of the fasciculi in order to limit crossing of
the fibre pathways. Postoperatively, the
hand is splinted for three weeks to prevent
tension at the site of repair.
Following repair of tendons and nerves
the skin is closed by accurate suture to
ensure clean and rapid healing with minimal
tissue reaction. I t is essential that post-
operative hcematoma be avoided wit!J
its consequent redema, stiffness and possibly
infection. A pressure dressing is carefully
applied and the hand is elevated to assist
venous and lymphatic drainage.
After flexor tendon repair the hand is
immobilised with the fingers in a position
of rest and with the wrist fully flexed.
When extensor tendons have been repaired
proximal to the metacarpophalangeal joints,
the wrist and metacarpophalangeal joints
are extended but the interphalangeal joints
are left slightly flexed. However, when
extensor tendons have been sutured on the
dorsum of the finger, both wrist, metacarpo-
phalangeal and interphalangeal joints are
fixed in extension.
The operation dressing and plaster is
maintained for three weeks, when the
sutures are removed and a fresh plaster is
applied in less extension or flexion. During
the fourth week the plaster is removed daily
for supervision of gentle active movement
in an intermediate range, avoiding undue
extension at the anastomosis. After five
weeks fixation is discarded through the
day and the plaster is used as a night splint
for a further week. Coordinated and
unconscious finger movements should be
restored during the fifth week when the
repaired tendon is soundly healed. Active
movement of each joint in ;~olation must
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be supervised and encouraged for dt least
two months.
After division of a flexor tendon the
metacarpophalangeal joint can be flexed by
the interossei but there is simultaneous
extension of the interphalangeal joints. If
this movement is allowed to persist for
some time before a secondary tendon repair
or graft is carried out, the pattern of move-
ment in the cerebral cortex is altered. The
new pattern of intrinsic function may be
strong enough to suppress flexion of the
interphalangeal joints when the flexor ten-
don is repaired. Restoration of the normal
pattern of proprioceptive impulses from
the interphalangeal joints is best obtained
by synergistic flexion of the fingers work-
ing together and by unconscious use of
the hand in light work.
Failure to regain a range of active move-
ment following tendon repair may be due
to a number of causes. Most common is
adhesion of the tendon at the site of anas-
tomosis. This is indicated by limitation of
movement to a constant arc which is inde-
pendent of flexion or extension at the wrist.
Fixed flexion contractures may develop at
the interphalangeal joints following im-
mobilisation, particularly if the articular
plate of the joint has been damaged during
removal of the adherent tendon. The
proximal joint is especially liable to develop
this contracture which is treated by a
spring-loaded extension splint. Disruption
of the anastomosis is uncommon and
should not occur with adequate post-
operative immobilization and care.
In some instances too long a tendon graft
is inserted and full flexion is limited. In
other cases irreversible shortening of the
motor muscle unit may have occurred in
the interval before tendon grafting is
carried out.. A further cause of weakened
flexion after a tendon graft is rupture of
one of the stirrups, which allows "bow-
stringing" of the graft.
FRACTURES AND SKIN Loss
Untidy hand injuries usually include bone
damage and skin loss.
In open fractures the bone fragments
are displaced more than in closed injuries
where their position is maintained by an
intact cuff of soft tissue. When fractures
complicate an open hand injury opportunity
is taken at operation to secure internal
fixation of the fracture by means of a
circumferential wire or intramedullary peg.
In fringe fractures which result from crush
Injuries of the distal phalanx the small
peripheral bone fragments are simply
excised. Early movement is commenced
when the soft tissues are healed; if possible
immobilization is not continued longer than
t,vo weeks.
Skin closure is the fundamental principle
in the treatment of open hand injuries. An
unhealed wound is a persistent opening
for infection, with consequent <:edema and
stiffness, which can lead to irreversible
joint damage. If a wound is allowed to
granulate and heal slowly by secondary
epithelial growth the patient loses much
time from work and the final scar is liable
to contract and limit his finger movements.
The scar itself is unstable and will break
down with trauma.
As long as a focus of infection remains,
redema, stiffness and disordered vasomotor
control persist. These complications will
not be corrected by early movement, heat
or massage as long as the hand remains
unhealed. Early movement delays healing
whether the structure is skin, tendon, nerve
or bone. In all cases healing must be
obtained before movement is commenced.
When skin is lost, cover is provided by
means of a free graft or skin flap. A free
graft consists of either a split-thickness or
full-thickness sheet of skin. Split skin can
be obtained quickly in large amounts and
"takes" readily. However, it tends to
contract and is mainly suitable for cover-
ing areas on the dorsum of the hand or
fingers where the surface is constantly
being stretched. Whole-thickness skin
grafts, or Wolfe grafts, are more durable
and carry a fuller quota of sense organs.
As the greater part of the dermis is trans-
ferred in this type of graft, they have little
tendency to contract and are therefore use-
ful in covering defects on the flexor sur-
face of the hand.
All types of free grafts depend for their
survival on early establishment of a capil-
lary circulation from the recipient site. In
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many cases a defect on the hand is
sufficiently vascular to support some form
of free graft but these grafts will not sur-
vive on relatively avascular structures such
as bare bone, tendon, nerve or joint. When
such structures are exposed cover is pro-
vided by a skin flap which carries its own
blood supply from one edge.
Local flaps from the hand itself provide
skin with the best texture, durability and
sensation, and such flaps can be used for
covering small defects. They must be taken
from relatively unimportant areas and the
secondary defect is covered by a free skin
graft.
The simplest and commonest local flap
is that which is used to close an amputation
stump (Fig. sa). A flap is often left by
the accident and this can be trimmed and
be covered by a small bipedicle flap taken
from the back of the finger; the secondary
defect is closed by a free graft (Fig. 5 b).
A single-pedicle transposed flap is useful
for covering avascular areas on the dorsum
of the hand and fingers. A skin flap is
lTIoved from one side to cover the exposed
structures and a split skin graft is applied
to the bare area left by raising the flap
(Fig. 5c). Rotation flaps are not generally
applicable to the hand as there is very little
loose skin which can be fanned out to close
adjacent defects (Fig. Sd). On a few
occasions a useless finger may be filleted to
provide the skin flap for closure of an
adjacent defect.
FIGURE V: Local skin flaps on the
hand. A: Amputation flap; B :
Bipedicle flap; C: Transposed flap;
D: Rotation flap.
FIGURE VI: Cross finger flap for covering
defects on the flexor surface of a finger.
The donor site is closed with a split skin
graft.
Cross-finger flaps give skin of good
quality for resurfacing the flexor aspect or
pulp of an adjacent finger (Fig. 6). A flap
from the dorsum of the index finger may
also be transposed to cover the tip of the
thumb.. In these cases the secondary defect
is covered with a split skin graft which
matures well on the back of the hand. The
flexor surface of a finger is never used as
the donor site to cover a defect on the dor-
sum of the next finger. Skin of the palmar
surfaces is a highly specialized tissue and
cannot be adequately replaced by a free
graft.
Small skin flaps raised on the palm of
the hand can be used for restoring finger-
tip defects. The resulting bare area is
covered by a Wolfe graft cut from the
excess skin on the anterior aspect of the
wrist. This procedure is open to criticism
on the grounds that a tender scar may
remain on the palm of the hand but in
practice the donor site is not troublesome.
The certainty of fixation of the finger in
this position makes the operation well
tnrned over the bone end. In other cases
the bone itself is shortened to allow skin
closure. Ideally the stump is closed by a
flap of skin from the palmar surface of the
finger so that the scar lies posteriorly and
is protected from undue trauma.
When a traumatic amputation OCcurs
proximal to the nail bed the bone end can
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suited to treatment of fingertip amputations
in small children"
When larger skin flaps are required they
must be taken from elsewhere on the body"
Flaps from the opposite arm have the
advantage of providing relatively thin skin,
which is desirable on the hand.. However,
the postoperative position raises obvious
toilet difficulties which may be very
distressing to the patient, and the use of
this type of flap is therefore confined to
cases where thin skin cover is essential.
The chest and abdomen provide large
skin flaps without great inconvenience in
posture.. The secondary defect is always
covered by a split skin graft which is also
used to line the bridging portion of the
flap so that no bare tissue remains and the
area is completely closed against infection..
When possible these operations are car-
ried out under brachial plexus block anres-
thesia with local infiltration of the flap
donor site if this is from the chest or
abdomen. The patient remains conscious
and co-operative and there is no risk of
avulsion of the flap during recovery from
the anresthetic"
Firm immobilisation is used for the first
few days after operation but as the patient
adapts to his new position restraining fixa-
tion is discarded and he is encouraged to
move the limb to the fullest extent possible"
Radiant heat and massage are useful to
alleviate muscle and joint pain. Active and
passive movements are given within the
limits of fixation.. As the flap heals the
range of movement is increased.
Inse~ of the flap is completed when its
base is divided three weeks after the prim-
ary operation. In some cases it remains
slightly cedematous for a few weeks"
Resolution of this swelling is assisted by
rolling massage. It is essential to protect
all skin flaps and free grafts from injury
by using some form of cover until appreci-
ation of painful stimuli returns throughout
the area"
LATE TREATMENT AND REHABILITATION
A number of disabilities may present in
the subsequent course of a hand injury,
sometimes following the best-intentioned
primary treatment. However, no amount
of secondary repair can make good indif-
ferent or ill-advised treatment at the initial
operation.. A surgeon who undertakes
treatment of an injured hand must have a
clear understanding of the principles
involved and be able to carry out various
reparative procedures as part of the
primary treatment.. It is true to say that
the primary treatment determines the course
of the injury.
Minor late disabilities include irregular
and painful amputation stumps with tender
adherent scars.. Nail bed remnants may
remain and cause painful spurs which are
frequently knocked"
Stiff fingers may be due to a number of
causes. In the early postoperative period
one or more fingers, or the whole hand,
may remain swollen and stiff owing to the
delayed resolution of reactive cedema. This
is improved by elevation of the hand and
by early return to active movement if there
are no unhealed wounds. Stiffness in thin
fingers is due to intrinsic joint damage or
tendon damage, and frequently to a com-
bination of the two. Immobilisation and
cedema of the fingers cause adhesions and
shortening of the joint capsules; prolonged
stiffness eventually leads to alteration in
the articular surfaces themselves" \iVhen
stiffness is due to capsular changes, cap-
sulotomy generally produces a worthwhile
improvement in the range of movement.
I f previous tendon damage is the cause
of stiffness, it has usually been associated
with fractures, sepsis or previous attempts
at tendon repair. In selected cases the
damaged and adherent tendon may be
replaced by a free tendon graft. However,
a full range of joint mobility must be
obtained by passive exercises before graft-
ing can be carried out.. The results of a
tendon graft after a previous failed suture
or infection are more uncertain than after
clean lacerations which have healed with-
out reaction. When tendon and bone have
been damaged at the same level with loss
of overlying skin it is unlikely that useful
flexion can be restored, except in children"
When such cases occur in adults it is
usually best to accept the primary damage
and to perform arthrodesis of the finger in
a position of function or alternatively to
amputate it.
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When a lacerated tendon has been left
untreated it is sometimes possible to per-
form a direct secondary suture of the ten-
don ends. However, in many ca'3es the
ends have retracted widely and a tendon
graft is necessary to bridge the gap. On
the dorsum of the hand a tendon transfer
is sometimes used to anastomose the
divided distal end of the extensor tendon
to the intact tendon of the adjacent finger.
Both fingers are then extended simul-
taneously.
Surgical treatment of a long-standing
mallet finger is a difficult problem. In
children and young adults it is reaonable
to shorten the lengthened extensor tendon
but in older age groups the results of
secondary repair are not generally satisfac-
tory, particularly in women, who are liable
to develop postoperative stiffness of the
distal interphalangeal joint.
In cases where division of the central slip
of the extensor expansion has been over-
looked, the proximal interphalangeal joint
becomes flexed backwards through the
opening in the extensor expansion. This
is treated by removal of an H -shaped seg-
ment of fibrous tissue and repair of the
short central slip with approximation of
the prolapsed lateral slips.
Secondary nerve suture is carried out if
necessary but the results are not so satis-
factory as with primary suture, particularly
in the case of digital nerves.
Contraction of scar tissue in the hand
causes deformity and limitation of move-
ment. These disabilities are corrected by
excision of the scar which allows the fingers
to open up. The resulting defect is covered
by a full thickness free skin graft. A
single tight scar line can be lengthened and
broken by a Z-plastic incision.
Where skin and tendon, or nerve, have
been lost at the same level a covering flap
of normal skin must be provided before
secondary tendon grafts or nerve grafts are
carried out. In some cases a skin flap is
used mainly to improve appearance by
replacing an ugly depressed and adherent
scar. In these cases large flaps are usually
required and are taken from the abdomen
or chest ..
In selected cases reconstruction of a digit
is undertaken. When a thumb has been
completely amputated or when four fingers
have been lost, reconstruction of an
opposition post restores pinch function to
the hand.
Almost all injuries have an element of
vasomotor disturbance and in a small pro-
portion of cases this becomes unduly
marked.. The sympathetic nervous system
is normally concerned with protective and
vascular heat-regulating reflexes in the
hand. Vasospasm and dysfunction are
simply abnormal exaggerations of normal
sympathetic activity. In marked cases
there is a varying mixture of vasospasm,
psychic disturbance, reflex pain, sweating,
osteoporosis, atrophy and <:edema. These
phenomena occur more easily in a type of
individual who is generally subject to
nervous and vasomotor disturbances.
The initial treatment consists of rest for
the damaged part and active movement of
the remainder of the limb.. This is followed
by encouragement of co-ordinated and
unconscious movements in the injured area..
In severe and protracted cases the reflexes
must be broken by a stellate ganglion block
or by sympathectomy.
The injured hand is a social problem
from its inception to its final rehabilitation.
Its prevention lies in fuller supervision of
men and machines in industry and in the
evaluation of new types of mechanical
appliances in the home. Much could be
done to improve the treatment of these
patients, particularly in regard to aftercare
and rehabilitation.
Rehabilitation of the injured worker is
a matter of concern to the community as
well as to insurance companies. Ideally
this should be provided by a special
rehabilitation centre and the patient should
receive payment for work he does. When-
ever possible it is better to prescribe light
work which involves unconscious co-
ordinated movements rather than physio-
therapy. Under present conditions patients
are reluctant to return to light work for
fear of losing their job and employers are
unwilling to take back a man who is not
entirely fit for normal work.
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Rehabilitation services should be more
readily available for those who are treated
under the Workers' Compensation Act. A
monetary settlement does not compensate
for a crippling hand injury which has cost
the patient his trade. More use could be
made of facilities to train such men in
different work as well as to help those
who are less seriously injured back to their
work bench.
SUMMARY
The assessment of hand Injuries is
reviewed with special reference to the
differences between tidy and untidy
injuries. After reviewing briefly the diag-
nosis of tendon and nerve lacerations, the
management of these conditions is
described in detail. The management of
associated fractures is mentioned and the
various procedures available for the replace-
ment of skin loss are discussed. Problems
arising in the postoperative phase and the
causes of unsatisfactory results are
reviewed. Finally, the social aspects of
hand injuries and the need for effective
rehabilitation are emphasised. The role of
physiotherapy is indicated at each stage..
